菲对黑麦草根系几种低分子量分泌物的影响 by 谢明吉 & 严重玲
生态环境 2008, 17(2): 576-579                                                           http://www.jeesci.com 










































1  材料和方法 
1.1  供试材料 
供试植物为多年生黑麦草（Lolium perenne 
L.），品种商品名为凤凰（polim） 
1.2  试验设计 
1.2.1  黑麦草的水培试验 





缓苗 2 d后，更换为半量 Hogland’s营养液，再培
养 3 d后进行染毒处理。 










盛装 300 mL 培养液，烧杯用锡纸包裹避光以防
止菲的光降解。每天补充营养液维持液面高度。 






谢明吉等：菲对黑麦草根系几种低分子量分泌物的影响                                                        577 





1.2.4  生物量测定 
幼苗分为根部和地上部分，105 ℃杀青 2 h
后在 60 ℃下烘至恒质量然后称量。 
1.2.5  有机酸分析 
采用 HPLC 进行分析，仪器为 Agilent 1100
色谱仪，配备紫外检测器，检测波长为 210 nm,
色谱柱为 XB-18（5 µm，4.6×250 mm），流动相
为 25×10－3 mol·L-1的 H3PO4-KH2PO4缓冲液，pH
为 2.3，流速为 0.7 mL·min-1，进样量为 20 µL，
柱温 30 ℃，有机酸的确定采用外标法，含量的计
算采用峰面积法。 
1.2.6  总糖分析 
根系分泌物中总糖含量采用蒽酮比色法[10] 
1.2.7  氨基酸分析 
根系分泌物氨基酸含量采用酸性茚三酮法[11]。 




2  结果与分析 










2.2  菲对黑麦草根系分泌有机酸的影响 







































图 3  菲处理下黑麦草根系分泌草酸量 





























图 1  菲对黑麦草生物量的影响 
Fig. 1  the biomass of ryegrass by PHE treatments 
 
 
图 2  有机酸混合标样的 HPLC图谱 
Fig. 2  the mixed organic acids analyzed by HPLC 
（1：草酸 oxalic acid；2：酒石酸 tartaric acid；3：苹果酸 malic acid； 
4：乳酸 lactic acid；5：乙酸 acetic acid；6：顺丁烯二酸 maleic acid； 
7：柠檬酸 citric acid；8：反丁烯二酸 fumaric acid；9：丁二酸 succinic acid） 
 




的 3.00 mg·g-1（鲜质量）升高至 4.75  mg·g-1（鲜
质量），差异显著（p<0.05） 
2.3  黑麦草根系分泌的总糖 
如图 4中所示，黑麦草根系分泌物中总糖含
量呈现与有机酸不同的变化趋势：总糖在 1 
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图 4  菲处理下黑麦草根系分泌物中的总糖 



























图 5  菲处理下黑麦草根系分泌物中的氨基酸 
Fig. 5 the amino acids in root exudates under PHE stress 
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Effect of phenanthrene on the secretion of low molecule weight 
organic compounds by ryegrass root 
 
Xie Mingji, Yan Chongling, Ye Jing 
Laboratory of Pollution Ecology, School of Life Sciences, Xiamen University, Xiamen 361005, China 
 
Abstract: The phytoremediation of organic pollutants is closely related to root secretion. In recent years, there are large numbers 
of researches concerned about phytoremedation of polycyclic aromatic hydrocarbons; however, few of them are about the root 
secretion under polycyclic aromatic hydrocarbons stress. In this research, a solution culture experiment was performed to investi-
gate the impact of phenantherene on several low molecular weight organic components in ryegrass (Lolium perenne L.) root exu-
dates. Data showed that, organic acids, total carbohydrate and amino acids all changed in quantity under phenantherene stress. 
Oxlic acid was the main composition of organic acid in root exudates, and its content increased with the phenantherene concentra-
tion rising (range from 2.33 to 4.75 mg·g-1 FW); total carbohydrate and amino acids in root exudates showed similar change trend, 
at relatively low phenantherene concentrations their quantities raised and at relatively high treatments, their quantities reduced. As 
a whole, organic acids were the main part of low molecular weight organic component in ryegrass root exudates, and combing 
with other researches, we suggested that the increased organic acids secretion may also play an important role in polycyclic aro-
matic hydrocarbons phytoremediation.  
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